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ABSTRACT 


Multimode  guidance  capability  is  a  requirement  for  missiles  that  will 
satisfy  the  Navy's  near-  and  far-term  area  defense  needs,  which  implies  the 
use  of  thin  walled  radomes  on  missiles  that  will  operate  at  speeds  up  to  M8. 
Structural  analyses  were  conducted  to  determine  the  minimum  wall  thicknesses 
that  are  required  to  carry  the  aerodynamic  loadings  during  sea  level  flight 
at  speeds  from  M2  to  M6  undergoing  a  30g  maneuver.  In  this  paper  the  results 
of  the  parametric  loads  and  stress  investigation  are  discussed.  Also  covered 
are  the  results  of  an  investigation  into  the  electrical  performance  of  three 
different  wall  configurations  for  use  with  dual-band  guidance  at  3  and  5  GHz. 


INTRODUCTION 

Three  radome  shapes  were  investigated,  von  Karman  with  length-to-diameter 
ratios  (J/d)  of  2.1  and  3.0,  and  a  hemispherical  i/d  of  0.5.  Of  interest  were 
base  diameters  of  7.5,  13,5,  and  19.5  in.  and  flight  Mach  numbers  of  2,  4,  and  6. 

The  materials  of  interest  were  Pyroceram  9606,  reaction-sintered  silicon  nitride 
(RSSN),  hct-pressed  silicon  nitride  (HPSN) ,  slip-cast  fused  silica  (SCFS),  and 
quartz  pclyimide  (QPI) .  Thus  there  were  three  Jt/d's,  three  diameters,  three  Mach 
numbers,  and  five  materials,  total  of  135  cases. 

Calculations  of  aetodynamic  loads  and  centers  of  pressure  were  made  (Reference 
1)  and  used  to  define  minimum  wall  thicknesses  to  carry  the  bending  moments  result¬ 
ing  from  these  loads.  Also,  using  the  HIMACH  code  (Reference  2).  at  NSWC/Dahlgren, 
pressure  distributions  were  computed  on  severa  .  radomes  at  various  angles  of  attack. 
After  programing  the  von  Karman  radome  geometry  for  the  SATANS  computer  code  (Ref¬ 
erence  3),  some  of  these  cases  were  explored  to  determine  the  wall  thicknesses 
required  to  prevent  buckling.  The  mechanical  analysis  indicated  that  relatively 
thin  ceramic  radomes  can  withstand  the  assumed  flight  environments  and  that  structural 
failure  may  be  due  to  either  buckling  or  excessive  stress  at  the  base  of  the  radome. 
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In  tne  electrical  performance  investigation  a  dual-band  missile  allowing 
3  GHz  passive  guidance  combined  with  35  GHz  terminal  homing  was'  assumed.  For 
this  concept  an  0.078  inch  halfwave  Pyroceram  radcma  was  compared  to  fullwave 
and  half-sandwich  designs.  The  halfwave  radome  is  sturdy  enough  to  survive  a 
variety  of  missions,  but  it  is  considered  too  fragile  to  survive  the  stresses 
of  fabrication  and  military  handling.  However,  the  electrical  evaluation  showed 
that  the  performance  of  the  halfwave  radome  far  exceeded  that  of  the  thicker 
alternatives.  Its  bandwidth  was  about  5%  at  35  GHz  compared  to  2%  for  the 
others.  Even  within  their  passbands,  the  boresight  errors  of  the  fullwave  and 
half-sandwich  will  probably  be  twice  those  of  the  halfwave.  If  high  frequency 
systems  are  to  be  utilized,  methods  must  be  found  to  allow  the  fabrication  and 
handling  of  thin  ceramic  radomes. 


LOADS  At®  STRESS  ANALYSIS  OF  RADOME  BASE 

The  aerodynamic  loads  on  a  missile  are  schematically  shown  in  Figure  1,  where 
N  is  the  normal  force,  D  is  the  drag  force,  and  x  and  y  give  the  location  of  the 
center  of  messure.  The  missile  was  assumed  to  be  undergoing  a  sea  level  30  g 
maneuver  in  order  to  get  the  maximum  aerodynamic  loads  on  the  radome.  The  angles 
of  attack  necessary  to  pull  the  30  g  maneuver  and  the  resulting  aerodynamic  loads 
ware  computed  using  standard  missile  weights  and  aerodynamics  by  Marley  (Reference 
1) .  It  is  assumed  that  the  distance  y  is  small  and  that  the  contribution  to  the 
moment  at  the  base  from  drag  is  small.  The  inertial  loads  are  also  assumed  to  be 
small  and  are  neglected. 

The  stress  at  the  base  of  the  radome  due  to  bending  moment  and  axial  drag 
loading  is  therefore  (Reference  4) 
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D 
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where  a  is  the  stress.  Mg  the  bending  moment  at  the  base  (Nx),  R  the  base  radius, 

and  t  the  radome  thickness.  To  determine  the  strength  requirement  for.  a  radome  * 

it  has  been  found  convenient  to  express  the  above  in  a  more  generalized  parametric 

form  given  below: 
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where  <JU  is  the  ultimate  strength  of  the  radome  material  and  FS  is  the  ultimate 
factor  of  safety. 

tar# 

The  required  values  of  out  as  calculated  from  equation  (1)  are  given  in 

~r 

Table  1  with  a  factor  of  safety  of  1.25  and  are  plotted  versus  Mach  number  in 
Figures  2  and  3  for  all  the  different  configurations  If  the  angle  of  attack 
is  independent  of  diameter  then  the  curves  of  Figures  2  and  3  reduce  to  a  single  _ , 

curve  for  each  value  of  i/d.  These  results  are  expressed  in  general  ter— s  and  1 

are  dependent  upon  the  radome's  material  properties.  •» 
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BUCKLING  ANALYSIS 


For  thin-walled  radcmes  under  aerodynamic  loads,  failure  due  to  buckling 
must  be  considered.  Although  a  radome  made  of  a  brittle  material  will  not  buckle 
in  the  classic  sense,  impending  buckling  will  cause  stress  failures.  In  order  to 
study  buckling  of  thin-walled  radomes,  the  SATANS  computer  program  (Reference  3) 
was  used.  The  SATANS  program  solves  geometrically  nonlinear,  arbitrarily  loaded 
shells  of  revolution.  It  uses  finite  differences  in  the  meridional  coordinate  and 
a  Fourier  expansion  in  the  circumferential  coordinate.  In  the  linear  case,  the 
total  solution  is  the  sum  of  the  solutions  for  the  circumferential  modes,  but,  for 
the  nonlinear  case,  coupling  occurs  between  the  fourier  modes.  The  SATANS  program 
solves  the  geometrical  nonlinear  equilibrium  problem  rather  than  the  eigenvalue 
problem.  For  a  perfect  shell  subject  to  a  perfectly  symmetrical  load,  there  is  no 
coupling  between  Fourier  modes  and  buckling  u’ill  not  occur.  The  method  used  to  ob¬ 
tain  buckling  loads  is  to  introduce  an  imperfection  in  the  load  of  the  form 

eCQ  cos  n8,  (3) 

vrtiere  e  is  a  small  number,  Cq  is  the  Fourier  coefficient  for  the  zeroth  mode,  and 
n  is  the  mode  number  for  which  the  buckling  load  is  wanted. 

The  aerodynamic  loads  were  calculated  using  the  HIMACH  code  (Reference  2)  at 
NSV/C.  This  code  calculates  the  pressure  coefficient,  Cp,  over  the  entire  radome. 

The  pressure  coefficient  is  calculated  as  a  three-term  Fourier  series, 

Cp  (X,  0)  -  CQ(X)  +  Cx  (X)  cos  0  +  C2(X)  cos  20. 

The  three  functions,  Co(X),  C]^(X),.and  C2(X),  are  read  into  the  SATANS  program 
and  used  to  define  the  loading  distribution.  For  most  of  the  SATANS  runs,  four 
circumferential  modes  were  used: 

0,  1,  2,  n, 

i 

where  the  load  on  mode  n  is)  defined  by  Equation  3. 

The  equations  defining  the  geometry  of  the  von  Karman  radome  have  been  derived 
in  the  Appendix  of  Reference  5.  These  equations  defining  radius,  radii  of  curvature, 
etc.  have  been  programmed  into  the  SATANS  code. 

For  the  base  bending  stress  case,  the.important  generalized  parameter  was  aut/R; 
however,  for .the  buckling  case  it  is  Et^/RJ  (the  bending  stiffness  of  the  shell 
divided  by  R-  ) .  The  reasor  for  dividing  by  R^  is  that  for  shells  of  the  same  shape  . 
but  different  size  subject  to  similar  loads,  if  the  value  of  Et"7R^  is  the  same,  the 
buckling  load  will  be  the  same.  From  the  results  from  the  SATANS  code,  this  gen¬ 
eralized  buckling  parameter  (Et-VR  ;  and  a  parameter  referred  to  as  the  load  factor 
are  plotted  in  Figure  4  fox  the  lowest  buckling  modes.  The  load  factor  is  defined 
as  the  ratio  of  the  applied  load  to  the  nominal  load.  Therefore,  since.a  factor  of 
safety  of  1.25  is  assumed  to  be  the  design  requirement,  the  value  of  EtJ/R^  at  a 
load  factor  of  1.25  is  used  to  calculate  the  required  wall  thickness  for  each  material. 

In  Figure  4  note  that  all  but  one  of  the  SATANS  runs  were  made  with  a  diameter 
of  19.5  in.  This  was  done  as  an  economy  move  to  keep  the  number  of  runs  to  a 
minimum.  It  has  been  assumed  that  the  effect  of  angles  of  attack  is  small  and 
that  the  critical  load  versus  Et*7R^  is  independent  of  size.  One  run  was  made  to 
check  this  as s trap t ion.  Th«  results  for  the  7.5  in.  diameter  radome  do  fall 
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on  the  curve  for  the  19.5  in.  diameter  radome .  The  required  values  of  Et  /R 
for  a  load  factor  of  1.25  have  been  included  in  Table  I.  In. this  table  only 
the  i/d  “3.0  von  Karman  radome  has  a  full  set  of  values  and  no  values  are 
present  for  the  hemispherical  radome. 

In  Figure  5  the  modal  deflection  curves  for  a  typical  SATANS  run  at  Mach 
6  are  shown.  Note  that  the  curve  for  mbde  4  becomes  flat  before  the  SATANS  run 
stops.  Near  the  buckling  load  the  deflection  for  mode  4  changes  a  lot  for  a 
very  small  change  in  load. 


CALCULATION  OF  MINIMUM  WALL  THICKNESS 

The  generalized  results  of  the  analyses  are  summarized  in  Table  1.  Here 
the  generalized  parameters  are  out/R  for  base  bending  stress  and  Et^/R^  for 
buckling.  The  radomes  are  assumed  to  have  reached  equilibrium  temperatures  at 
the  time  the  loads  are  applied.  For  the  five  materials  considered  in  this  study, 
the  ultimate  stress  in  both  tension  and  compression  and  the  modulus  of  elasticity 
at  the  approximate  equilibrium  temperature  are  considered.  Using  the  material 
property  data  of  Table  2  and  the  generalized  parameters  from  Table  1,  the  minimum 
wall  thickness  were  calculated.  The  resultant  wall  thicknesses  are  shown  in  Table 
3,  and  for  Pyroceram  9606  they  are  shown  in  Figure  6. 

ELECTRICAL  CONSIDERATIONS  FOR  A  HIGH-FREQUENCY  CERAMIC  RADOME 

One  attractive  combination  of  guidance  modes  is  passive  guidance  at  fre¬ 
quencies  on  the  order  of  3  GHz  followed  by  active  guidance  (transmitter  and 
receiver  on  the  missile)  at  a  much  higher  frequency,  perhaps  35  GHz.  The  most 
stringent  requirements  for  the  dual-band  radome  are  at  the  high  terminal  frequency. 
There  are: 

1)  Low  Insertion  loss  to  allow  timely  detection. 

2)  Low  radome  refraction  (boresight  errors)  to  prevent  steering 
Instabilities. 

3)  Transmission  relatively  independent  of  changes  in  incident 
polarization. 

The  first  requirement  means  that  the  radome  wall  structure  must  be  designed  to 
minimize  microwave  reflections  since  these  are  far  more  significant  than  material 
resistive  heating.  For  a  single  layer  radome,  this  restricts  operation  to  pass- 
bands  about  the  thin  wall,  halfwave,  or  multiple  halfwave  modes.  Within  these 
passbands,  the  other  design  objectives  are  primarily  determined  by  the  type  of 
radome  wall  and  the  dielectric  constant  (c)  of  the  material. 

The  solid  wall  halfwave  rr'.ome  is  by  far  the  most  attractive  for  single¬ 
band  operation.  Although  its  bandwidth  is  only  5%,  its  high  transparency,  low 
refraction,  and  favorable  polarization  properties  make  it.  a  useful  standard  of 
comparison  for  other  radome  designs.  The  thinwall  radome  operates  as  a  low-pass 
filter.  Thus,  a  single  layer  radome  could  operate  as  a  halfwave  radome  over  a 
5%  band  at  35  GHz  and  as  a  thin  wall  at  frequencies  up  to  one-tenth  that  or  3.5  GHz. 
This  would  appear  to  be  an  optimum  choice  for  the  dual-band  radome. 


11-312 


Unfortunately,  a  ceramic  radome  is  exceedingly  thin  at  35  GHz.  For  a 
mdome  operating  in  the  N-halfwave  mode  and  at  a  design  angle  of  incidence 
0,  the  thickness  is: 


The  design  angle  must  be  chosen  to  allow  transmission  over  the  near  grazing 
angles  encountered  within  a  streamlined  radome.  For  Pyroceram  9606  (e=  5.53) 
and  0  =  73°,  panel  thickness  is  Only  0.078  inches.  While  the  first  portion  of 
this  study  has  indicated  that  such  a  radome  could  survive  the  flight  stresses  of 
many  of  the  cases  described,  it  is  considered  by  some  to  be  too  thin  to  allow 
commercial  fabrication  and  military  handling.  Its  electrical  performance  should 
be  evaluated  and  compared  to  the  alternatives.  If  the  performance  penalty  for 
the  alternate  designs  is  excessive,  perhaps  techniques  may  be  devised  to  overcome 
the  problems  of  manufacturing  and  handling  such  a  radome. 

The  halfwave  Pyroceram  radome  is  evaluated  in  comparison  to ' a  fullwave  of 
the  same  material  and  also  to  a  half-sandwich  design.  The  latter  consists  of 
an.  outer  layer  of  Pyroceram  backed  up  by  a  sufficient  thickness  of  ceramic  foam 
to  maximize  transmission.  The  thickness  of  the  outer  layer  was  set  to  0.100 
inches,  the  minimum  considered  allowable  for  fabrication  and  handling  considerations. 
All  radomes  were  designed  for  maximum  transmission  at  35  GHz  and  73°. 

The  relative  quality  of  these  radome  walls  may  be  evaluated  by  the  calculated 
loss  and  insertion  phase  delay  (IPD)  of  large  flat  panels.  Loss  should  remain  low 
for  angles  of  incidence  between  40  and  80  degrees.  Radome  refraction,  or  boresight 
error,  is  primarily  caused  by  the  slope  of  the  (IPD)  characteristic  with  angle  of 
incidence.  This  deflects  the  beam  in  a  similar  fashion  to  th«*  bending  of  light  by 
a  prism.  The  third  design  objective,  insensitivity  to  polarization,  depends  upon' 
the  spread  between  the  transmission  characteristics  for  parallel  and  perpendicular 
polarization. 

Figure  7  shows  the  transmission  of  a  0.078  inch  halfwave  panel  of  Pyroceram 
9606  at  the  design  frequency  and  at  +5%  offsets.  The  center  figure,  at  the 
design  frequency,  serves  as  the  standard  of.  comparison.  As  required,  loss  remains 
lpw  over  the  critical  high  angles  of  incidence.  The  slope  of  the  IPD  curves  is 
acceptable  according  to  the  low  levels  of  boresight  error  associated  with  halfwave 
radomes.  Both  loss  and  IPD  curves  track  as  a  function  of  polarization. 

Figure  7's  two  outer  diagrams  show  the  detuning  of  the  panel  with  frequency. 
These  52  frequency  offsets  are  excessive  for  a  halfwave  radome,  in  which  total 
bandwidth  is  about  52.  These  offsets  were  chosen  to  emphasize  changes  in  trans¬ 
mission  with  frequency.  Loss  increases  for  the  perpendicular  component,  and  the 
curves  no  longer  track  with  polarization. 

Figure  8  shows  the  transmission  of  a  0.157  inch  fullwave  panel  of  Pyroceram 
9606.  It  also  was  designed  for  35  GHz  and  73°.  At  35  GHz,  insertion  loss  is 
significantly  higher  than  the  halfwave  except  in  the  vicinity  of  the  design  angle. 

The  slopes  of  the  IPD  curves  are  twice  those  of  the  halfwave.  Even  at  the  design 
frequency,  the  resulting  boresight  errors  would  be  about  twice  those  of  the  half- 
wave:  The  outer  diagrams  of  Figure  8  show  a  severe  detuning  for  3%  frequency 
offsets. 

. 
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Figure  9  represents  the  half-sandwich  with  a  0.100  outer  layer  of  Pyroceram 
and  an  inner  layer  of  ceramic  foam  (e  =  3.0,  tan  6  ■  0.01)  in  which  the  0.076 
inch  foam  thickness  was  adjusted  to  maximize  transmission  at  35  GHz  and  73°. 

A  comparison  of  Figure  9  and  Figure  8  shows  that  the  transmission  of  this  half¬ 
sandwich  approximates  that  of  the  fullwave.  The  only  noticeable  exception  is  the 
higher  loss  of  the  parallel  polarization  component.  This  is  due  to  the  relatively 
high  loss  tangent  assumed  for  the  foam  layer. 

The  two-layer  half-sandwich  has  sometimes  been  called  a  "broadband"  radome. 

In  comparison  to  typical  broadband  panels,  the  thinwall,  the  A-sandwich  and  the 
C-sandwich,  which  offer  broadband  transmission  for  relatively  low  angles  of  in¬ 
cidence,  Figure  9  shows  that  the  half-sandwich  approximates  the  relatively  narrow- 
band  performance  of  the  fullwave.  What  then  are  its  advantages?  As  a  general 
rule,  the  presentie  of  the  foam  layer  behind  a  relatively  thin  outer  layer  of 
higher  e  material  makes  the  panel  operate  like  the  next  higher  N-halfwave  wal] . 
This  may  be  advantageous  in  the  following  situations: 

1)  If  the  hard  outer  layer  is  made  of  a  material  which  is  expensive, 
a  minimally  thick  outer  wall  may  be  combined  with  a  less  expensive 
inner  layer. 

2)  The  passband  is  somewhat  great  than  that  of  the  N-halfwave  because 
of  the  decrease  in  average  dielectric  constant,  but  the  mid-bsnd 
performance  will  be  slightly  inferior  to  that  of  the  N-halfwave 
panel.  However,  the  half-sandwich  is  not  a  broadband  radome. 

The  bandwidth  of  the  halfwave,  fullwave  and  half-sandwich  panels  are  com¬ 
pared  in  Table  4.  The  phasor  sum  of  the  complex  transmission  coefficients  for 
ten  representative  rays  was  calculated.  These  are  parallel  and  perpendicular 
polarized  rays  at  angles  of  incidence  of  60,  65,  70,  75  and  80  degrees.  At  3  GHz, 
all  three  panels  would  be  satisfactory  since  insertion  loss  is  not  critical  for 
passive  guidance.  According  to  loss  considerations,  the  35  GHz  bandwidth  of  the 
halfwave  radome  is  much  wider,  than  that  of  either  of  the  alternatives.  Since  IPD 
slope  variations  would  reduce  bandwidth  still  further,  the  total  bandwidth  of  the 
fullwave  and  the  pseudo  f  lllwave  half-sandwich  will  only  be  about  2~,  compared  to 
the  typical  halfwave  radoine  bandwidth  of  5%.  . 

DISCUSSION  AND  CONCLUSIONS 

It  is  apparent  from  the  results  in  Table  2  that,  in  general,  both  buckling 
and  base  bending  stress  siiould  be  considered  in  designing  thin-walled  radomes. 

The  results  do  not  vary  much  from  configuration  to  configuration,  and  the  con¬ 
clusions  reached  regarding  the  importance  of  base  stress  versus  buckling  are  in-, 
dependent  of  the  configuration. 

Several  of  the  materials  considered  cannot  withstand  the  equilibrium  temper¬ 
atures  associated  with  the  higher  sea-level  Mach  numbers.  The  QPI  cannot  operate 
at  equilibrium  temperatures  associated  with  Mach  4  and  6'  and  is  buckling  limited 
at  Mach  2.  The  SCFS  cannot  operate  at  the  Mach  6  equilibrium  temperature  and  is 
stress-limited  at  Mach  2  and  4.  Pyroceram  9606,  RSSN,  and  HPSN  all  have  the  same 
characteristics  -  buckling  controls  the  design  at  Mach  2,  stress  controls  the 
design  at  Mach  6,  and  either  may  control  at  Mach  4.  Thus,  for  these  three  mater¬ 
ials,  both  failure  modes  must  be  considered.. 
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If  radotne  fragility  during  fabrication  and  handling  is  used  to  establish 
the  minimum  practical  thickness  for  ceramic  radomes,  the  performance  penalty 
during  active  homing  at  35  GHz  could  be  quite  high.  The  electrical  performance 
of  the  fullwave  and  half-sandwich  radomes  are  far  inferior  to  that  of  the  0.078 
inch  halfwave.  For  a  fixed  diameter  seeker,  boresight  errors  and  slopes  appear 
to  decrease  somewhat  with  large  increases  in  frequency  for  systems  which  use 
halfwave  radomes.  Thus,  for  a  relatively  large  missile,  the  higher  IPD  slopes 
of  the  fullwave  and  half-sandwich  radomes  may  be  tolerable.  The  restricted  band¬ 
width  still  remains,  however,  and  this  may  make  the  system  more  vulnerable  to 
secondary  effects  such  as  radome  de-tuning  due  to  aerodynamic  heating. 
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Table  1 


Summary  of  Material  Strength  and  Stiffness  Requirements  for 
30  g  Sea-Level  Maneuver 


Case 

i/d 

d 

M 

Strength  Requirement 

a  t/R 

_ _ _ _ 

'  Stiffness 
Requirement 

Et3/R3 

Tension 

Compression 

Spherical 

1 

0.5 

7.5 

2 

25.45 

2 

0.5 

7.5 

4 

99.84 

3 

0.5 

7.5 

6 

225.75 

4 

0.5 

13.5 

2 

25.51 

5 

0.5 

13.5 

4 

102.84 

6 

0.5 

13.5 

6 

228.18 

7 

0.5 

19.5 

2 

25.80 

8 

0.5 

19.5 

4 

102.07 

9 

0.5  , 

19.5 

6 

, 

224.76 

Von  Karman 

10 

2. 1 

7.5 

2 

63.50 

70.92 

11 

2.1 

7.5 

4 

75.80 

97.67 

?2 

2.1 

7.5 

6 

98.19 

156.53 

3.40 

13 

2.1 

13.5 

2 

74.46 

81.66 

14 

2.1 

13.5 

4 

96.72 

117.99 

. 

15 

2.1 

13.5 

6 

109.05 

156.58 

3.40 

16 

2.1 

19.5 

2 

72.29 

79.53 

17 

2.1 

19.5 

4 

87.97 

10,9.20 

18 

2.1 

19.5 

6 

98.20 

156.40 

3.40 

19 

3.0 

7.5 

2 

109.44 

113.46 

7.00 

20 

3.0 

'  7.5 

4 

132.17 

148.44 

2.10 

21 

3.0 

7.5 

6 

142.30 

173.34 

3.00 

22 

3.0 

13.5 

2 

126.13 

129.94 

7.00 

23 

3.0 

13.5 

4 

162.82 

179.48 

2.10 

24 

3.0 

13.5 

6 

160.72 

191.72 

3.00 

25 

3.0 

19.5 

2 

119.50 

123.35  , 

7.00 

26 

3.0 

19.5 

4 

153.81 

170.44 

2.10 

27 

3.0 

19.5 

6 

160.52 

191.47 

3.00 

Table  2 


Material  Properties  of  Radome  Materials 
at  Equilibrium  Temperatures 

Ultimate  Stress  in  Tension  (psi) 


2  400  22  K  20  K  50  K  5  K  45  K 

4  '  ,  1400  12  K  20  K  50  K  5  K 

6  3000  4.8  K  9.8  K  9  K 


Ultimate  Stress  in  Compression  (psi) 


2  400  115  K  200  K  200  K  50  K  20  K 

4  1400  115  K  200  K  200  K  80  K  - 

6  3000  20  K  200  K  200  K 


Modulus  of  Elasticity  (psi) 


2  400  15.7  x  106  15  x  ,106  40  x  10*  5  x  106  2  x  10 6 

4  1400  16.7  x  106  15  x  106  35  x  106  5  x  106 

6  3000  .9  x  106  8  x  106  8.6  x  106 
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Table  4 


approximate  Radome  Insertion  Loss  (One-Way) 


Ty.P.e 

3  GHz 

33.25  GHz 

35.00  GHz 

36.75  GHz 

Halfwave 

1.6  IB 

0.7  dB 

0.1  dB 

1.0  dB 

Full wave 

2.9 

l.S 

0.3 

2.5 

Half-Sandwich 

2.6 

1.7 

0.9 

2.4 
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tou/R 


tuu/R 


Figure  3  Required  wall  thickness  for  stress  at  base  of  hemispherical  radomo. 
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Load  factor 


Load  factor 


Deflection 


Figure  5  Load  versus  deflection  for  different  circumferential  modes  of  a  Von  Karman 
radome  at  Mach  6. 
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Legend 

O  Buckling 
A  Base  stress 


Figure  6  Required  well  thicknesses  ft .  Pyracetam  9606  radome  subject  to 
.  aerodynamic  loads. 
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Figure  9  Transmission  of  halfsandwich  panel 


